REMARKS 

Reconsideration of this application is requested in view of the amendments to the 
specification, the amendments to the claims and the remarks presented herein. 

The claims in the application are claims 23, 28 to 31, 35 to 39, 41 and 43, all 
other claims having been cancelled. 

The specification has been amended to refer to Figs. 6A to 6C and indicate that 
the trademarks refer to silica based reversed-phase columns which are well known in the 
art as can be seen from the material filed herewith. With respect to the sequence 
numbering, it has been taken care of by the amendment of August 27, 2003 but if the 
Examiner deems otherwise, she is requested to be more specific. When addressing 
specifically the sequences disclosed in figure 5, please be informed that the upper 
sequence "RTTTAYRPPNAPILK" consists of SEQ ID No. 9 of the sequence listing and 
the sequence "ILKEPVHGV" consists of the sequence SEQ ID No. 1 14 of the sequence 
listing as filed. 

Claims 23, 25, 26, 30, 36-38 and 43 stand rejected under 35 U.S.C. 1 12, first 
paragraph as being non-enabled by the specification for the lipopeptides and the epitopes 

Applicants respectfully traverse this ground of rejection since it is deemed that the 
amended claims are completely enabled by the disclosure. First, it should be stated again 
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that, as it can be clearly understood from the specification, and more particularly the 
examples, the most efficient lipopeptides are those that comprise only one single lipid 
moiety, as it is illustrated in the examples by the lipopeptides comprising a single 
palmitoyl chain, also termed "mono-palm". 

The synthesis of the mono-palmitoyl lipopeptides is disclosed in example 2 and 
Figure 4 shows that the mono-palmitoyl lipopeptide is more efficient than dipalmytoyl 
lipopeptide as regards the respective properties of inducing CD8 + (see example 3, section 
4, pages 16 and 17 of the specification). Further, the mono-palmitoyl derivatives are 
water-soluble, whereas the dipalmytoyl derivatives are soluble only in a water-DMSO 
mixture (see example 5, page 19 of the specification). Still further, it appears clearly in 
figure 6b, that the mono-palmitoyl lipopeptides are farther efficient than the dipalmytoyl 
lipopeptides in inducing a CTL response (see example 5, page 23). Yet further, figure 
7a) shows that the better properties of the mono-palmitoyl lipopeptides than the 
dipalmytoyl lipopeptides to induce a CD8 + response (see example 5, page 24, lines 10-15 
of the specification). Also, figures 8A and 8B show the high potency of a mono- 
palmitoyl lipopeptide to induce the production of a CD8 + response (see example 5, 
Section 3, pages 24 - 25 of the specification). 

Further, Applicants are submitting a copy of an article from LEVY et al. (2205, 
Aids, vol. 19(3): 279-286) which further underlines the in vivo efficiency of the claimed 
lipopeptides for therapeutic immunisation of HIV- 1 infected patients. As clearly stated in 
the right column of the Section "Discussion" of this article, this further study wherein the 
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claimed lipopeptide were administered to HIV-1 infected patients having stopped the 
chemical anti-viral treatment, "provides proof of the concept that therapeutic 
immunisation before anti-viral cessation may contribute to the containment of HIV 
replication ". 

Therefore, withdrawal of this ground of rejection is requested. 

Claims 23, 25, 26, 30, 35, 38 and 43 were rejected under 35 U.S.C. 1 12, second 
paragraph as being indefinite. 

Applicants respectfully traverse these grounds of rejection as the amended claims 
are definite. Claim 38 has been amended as suggested by the Examiner and claim 26 has 
been incorporated into claim 23. Claim 25 has been cancelled and claim 23 has been 
amended to recite amino acid residues. Therefore, withdrawal of these grounds of 
rejection is requested. 

Claims 23, 25, 26, 30, 35-38 and 43 were rejected under 35 U.S.C. 103 as being 
obvious over WO 95/19783 taken in view of 6 other references. The Examiner states that 
WO 95/19783 teaches covalent attachment of palmitic acid to peptides to increase 
immunogenicity, that attachment of Th epitopes will also increase immunogenicity, that 
an amino acid sequence containing a Th epitope can be linked to the CTL epitope, that 
the Th epitope may be linked at the N-terminus by a peptide spacer and that amino acid 
residues may be introduced at the N-terminus or C-terminus of a protein. 
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All the claims were further rejected under 35 U.S.C. 103 as being obvious over 
WO 95/19783 taken in view of 5 references as well as 6 other references. 

Applicants respectfully traverse these obviousness rejections which were 
summarized as follows: that the one skilled in the art would have arrived at the claimed 
lipopeptides by combining, respectively (i) prior art documents disclosing lipopeptides 
that induce a CTL response, including against HIV antigens, (ii) prior art documents 
related to the induction of a CTL response against HIV and comprising a single lipid 
chain, and (iii) prior art documents related to protein constructs comprising spacer chain. 

(i) The first class of documents encompass PCT Application No. 

WO 95/19783, the US Patent No. 5,993,823, DEPREZ et al. (1996), European Patent 
Application No. EP EP 346 022, RAMMENSEE et al. (1995), and BERZOFSKY et al. 
(1991). 

(ii) The second class of prior documents include BEN MOHAMED et 
al.(1997), US Patent No. 6,015,564 (BOUTILLON et al.), and US Patent No. 5,871,746 
(BOUTILLON et al.). 

Applicants traverse these rejections for the reason that none of the prior art 
documents of the third class above disclose nor suggest to one skilled in the art any 
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spacer chain that is included in a presently claimed lipopeptide. US Patent No. 5,935,824 
as well as US Application No. 2003/0162719 do not disclose any lipopeptide. 

The US Patent No. 5,935,824 discloses a system for expressing fusion proteins, 
wherein the fusion protein can contain a hydrophilic spacer chain. Also, the US 
Application No. 2003/01 62719 discloses peptides that are coupled to aminoacid chains 
for transport a cross biological membranes. However, none of these prior art documents 
could induce the one skilled in the art to apply the hydrophilic spacer chains that they 
disclose to a lipopeptide construct. 

Moreover, even if, in a purely artificial reasoning, the one skilled in the art would 
have applied one hydrophilic spacer chain disclosed in one of these prior art documents 
to a lipopeptide construct, he would still have not arrived to the claimed lipopeptides, 
because none of these two prior art documents disclose nor suggest to the one skilled in 
the art a spacer chain selected from the group consisting of GL Y ARG and ARG GL Y 
ARG. Therefore, withdrawal of these rejections is requested. 

With respect to the obviousness double patenting rejection with respect to US 
Patent No. 5,871,746 or Patent No. 6,015,564, Applicants are filing a Terminal 
Disclaimer with respect to these patents which obviates this rejection. 
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In view of the amendments to the specification, amendments to the claims and the 
above remarks, it is believed that the claims point out Applicants'patentable contribution. 
Therefore, favorable reconsideration of the application is requested. 



Respectfully submitted 
Hedman and Costigan 



Charles A. Muserlian #19,683 
Attorney for Applicants 
Tel 212 302 8989 
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Immunological and virological efficacy of a 
therapeutic immunization combined with 
interIeukin-2 in chronically HIV-1 infected patients 

Yves Levy 3 , Hanne Gahery-Segard b , Christine Durier c , Anne-Sophie 
Lascaux*, Cecile Gouiard d , Vincent Meiffredy c , Christine Rouzioux 6 , 

■ 

Raphaelle El Habib , Maria Beumont-Mauviel g , Jean-Gerard Guillet , 
Jean-Francois Delfraissy d , Jean-Pierre Aboulker c and 

the ANRS 093 Study Group* 

Objective: Several lines of evidence suggest that the immune system may control HIV- 
1 replication, but that it could fail in the long term. Strategies aimed to elicit specific 
immune responses may enable patients to contain virus replication. 
Methods: HIV-1 -infected patients were randomized to continue either their antiviral 
therapy alone (controls; n = 37) or with four boosts of vaccination combining ALVAC- 
HIV (vCP1433) and Lipo-6T vaccines (weeks 0, 4, 8, 12) followed by three cycles of 
subcutaneous interleukin-2 (weeks 16, 24, 32) (Vac-IL-2 group; n = 34). 

Results: Of the Vac-IL-2 group, 15/32 (47%) exhibited a stable HIV p24 antigen- 
proliferative response compared with 8/33 (24%) controls (P= 0.049). After vaccina- 
tion, 19/33 (58%) of the Vac-IL-2 group exhibited a multiepitopic HIV-1 -specific CD4 
cell proliferative response compared with 9/36 (25%) of controls (P= 0.006). The 
breadth and the magnitude of HIV-specific interferon-'y-producing CD8 T cells 
improved in the Vac-IL-2 group. After stopping antiviral drugs, 24% of the Vac-IL-2 
group lowered their viral set point compared with 5% of controls (P = 0.027). Logistic- 
regression analysis demonstrated that vaccine-elicited immunological responses were 
predictive of virological control (P = 0.046 and 0.014 for stable and multiepitopic CD4 
T cell responses, respectively). 

Conclusion: This study provides proof of the concept that therapeutic immunization 
before antiviral drug cessation may contribute to the containment of HIV replication. 

© 2005 Lippincott Williams & Wilkins 

AIDS 2005, 19:279-286 
Keywords: vaccine-ALVAC, HIV, lipopeptide, immunotherapy, interleukin-2 



Introduction 

The rationale of therapeutic immunization in HIV 
infection is based on several lines of evidence suggesting 



that the immune system contributes to the long-term 
control of HIV-1 replication [1-4]. For example, in a 
subgroup of patients, called long-term non-progressors, 
HIV-specific detectable immune responses seem to be 
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associated with control of HIV replication to exception- 
ally low levels [3,4]. However, continued viral replication 
leading to a progressive immune destruction is the rule in 
a majority of patients. In the long term, although HIV-1- 
specific CD4 and CD8 cells may be detectable in patients 
at different time points of the disease, these cells are 
functionally impaired and fail to control viral replication 
after treatment discontinuation [5-9]. 

Whether a therapeutic immunization might help to 
induce specific cellular immune responses in HIV- 
infected patients remains debatable. To date, only limited 
studies have evaluated different therapeutic vaccines, such 
as inactivated Remune vaccine [10] or canarypox virus 
vaccine alone or combined with recombinant gp!60 
in chronically or newly HIV-infected patients [1 1 - 1 3] . In 
these studies, immunological responses to vaccination 
were transient and the dynamics of viral rebound after 
antiviral discontinuation in patients did not differ from 
historical controls [14]. 

In this study, we evaluated the immunogenicity of a 
therapeutic immunization strategy combining two diffe- 
rent vaccines, recombinant ALVAC-HIV (vCP1433) and 
Lipo-6T (HIV-1 lipopep tides), followed by the admin- 
istration of subcutaneous interleukin-2 (IL-2), in chronic 
HIV-infected subjects while treated with potent antiviral 
therapy. Although not competent to replicate in 
mammalian cells, ALVAC-HIV allows the presentation 
of peptides encoded by several HIV genes {env, gag, pol and 
nef) by antigen-presenting cells. Lipo-6T consists of five 
long amino acid sequences from Nef, Gag, Pol and one 
promiscuous epitope from tetanus toxoid used to 
stimulate CD4 T cell help. These peptides were modified 
in the C-terminal region by adding a lipid tail, which was 
shown to be useful for increasing the presentation of 
antigens by the immune system [15]. We show here that 
the therapeutic immunization strategy leads to HIV-1- 
specific T cell responses in chronically HIV-infected 
patients. In addition to in vitro immunological tests, the 
study evaluated whether this immune intervention altered 
the dynamics of viral replication in patients. 



Methods 

Patients, vaccines and study design 

HIV-1 -infected patients treated with combined antiviral 
regimens for at least 1 year were eligible. Patients who 
received subcutaneous IL-2 in a previous study [16] were 
also eligible provided the last cycle was administered at least 
3 months prior study entry. The study was approved by the 
institutional ethics review boards and all patients gave 
written informed consent. Of 86 patients screened between 
June 2000 and April 2001, 71 patients were eligible and 
randomized. Therapeutic immunization combined 10 6 " 6 
median infectious dose (ID 50 ) of ALVAC-HIV and 3 mg 



HIVlipopeptides Lipo6-T (Aventis Pasteur, Lyon, France). 
ALVAC-HIV expresses several HIV genes: for gpl20 (MN 
strain) and a part of the anchoring transmembrane region of 
gp41 (LAI strain); for the p55 polyprotein, expressed by gag 
(LAI strain); for a portion of pol encoding the protease; 
and for genes expressing cytotoxic T lymphocyte peptides 
from pol and nef. The Lipo-6T vaccine is a mixture of the 
tetanus toxoid TT-830-843 class II-restricted universal 
CD4 epitope combined with five peptides: Gag 17—35, 
Gag 235-284, Nef 66-97, Nef 116-145 and Pol 325- 
355 from HIV-Ilai* Vaccines were given intramuscularly. 
Three subcutaneously IL-2 cycles (4.5 x 10 6 IU twice 
daily for 5 days) were given following immunization. 
Patients from both arms stopped antiviral drugs at week 
40. Viral loads and CD 4 T cell counts were monitored 
weekly for 4 weeks and bimonthly thereafter until the end 
of the trial at week 52. Subjects whose viral load was 
>50 000 copies/ml at week 44 or 46, or >10 000 copies/ 
ml after week 48, were in virological failure and 
recommended to resume antiviral drugs. HIV-1 DNA 
levels in peripheral blood mononuclear cells (PBMC) 
were determined in a central laboratory using a modified 
version of the Amplicor Monitor test (Roche, Molecular 
Systems, Branchburg, New Jersey, USA) as previously 
described [17]. 

Laboratory methods 

Immunological tests were performed for all patients at 
weeks 0, 16 and 36. Treatment group assignment was 
masked to immunological investigators. HIV-specific 
CD4 T cell lymphoproliferation response was assessed on 
fresh PBMC as previously described [18]. Antigens 
included 1 ftg/ml of one of 11 HIV-1 long peptides 
(Neosystem, Strasbourg, France), 5 |xg/ml Gag p24 
protein (produced by Escherichia coli; Aventis Pasteur) and 
control antigens. The HIV-1 long peptides used were 
derived from Nef, Nef 66-97 (Nl), Nef 117-145 (N2), 
Nef 182-205 (N3); from Gag, Gag 183-214 (Gl), Gag 
253-284 (G2), Gag 17-35 (G3); from Pol, Pol 325-353 
(PI), Pol 325-342 (P2), Pol 335-355 (P3); and from Env, 
Env 303-335 (Env), Env MN 303-335 (EMN); their 
sequences can be found in a recent publication [19]. 
Results are reported as either counts per minute (cpm) or 
stimulation index (median [ 3 H] -thymidine uptake of cells 
stimulated with antigen/median incorporation of cells 
cultured in medium alone). A stimulation index >3 and 
>3000 cpm incorporated was considered as positive 
response. Evaluation of HIV-specific CD 8 T cells 
producing interferon-7 (IFN-7) was assessed on frozen 
cells and using an ELISPOT assay performed as described 
[18]. Antigens included 18 pools of 15-mer peptides 
covering HIV-1 Gag (11 pools), reverse transcriptase 
(four pools) and Nef (three pools) (Neosystem) at 2 \ig/ 
ml. The IFN-7-producing cells were counted using an 
automated microscope (Zeiss, Le Pecq, France) and 
expressed as spot-forming cells (SFC). Numbers of SFC 
were normalized tolO 6 PBMC/ well and averaged over 
triplicate wells. The number of specific SFC/10 PBMC 



• I 



Therapeutic immunization HIV infection Levy et al. 281 



was calculated by subtracting the negative control value 
from the established SFC count. Positive responses were 
defined as greater than 100 SFC/ 10 6 PBMC over 
background and at least twofold the background value. 
The breadth of the response was the number of 
recognized pools among 18 pools tested and the 
magnitude was defined as the sum of positive responses 
to individual pools (total SFC/10 6 PBMC). 

Statistical analysis 

Primary efficacy endpoints were the proportion of 
patients responders to both HIV p24 antigen and at least 
one of 1 1 peptides from gag, pol, env and nef (see above). A 
sample size of 35 per group was calculated to provide 80% 
power, with a one-sided test and a type I error of 5% for 
detecting a 30% increase in the proportion of responders 
in the vaccinated group compared with control. 
Secondary endpoints were the evaluation of HIV-specific 
CD8 cell responses by IFN-7 ELISPOT assay and the 
proportion of patients in virological success (stopped 
antiviral drugs at week 40 and remained orT therapy with 
plasma HIV RNA values <50 000 copies/ml at week 44 
and < 10 000 copies/ml at week 48 and thereafter until 
week 52). Parameters of the kinetics of plasma HIV RNA 
rebounds following antiviral drug discontinuation were 
analysed using the Wilcoxon rank-sum test for con- 
tinuous data and the log-rank test for time-to-event data. 
For ELISPOT data, the proportion of responders were 
compared between control and vaccinated groups with 
Fisher and Wilcoxon one-sided tests. 

Randomization was centralized and stratified by prior IL- 
2 status. CD4 cell proliferative responses and ELISPOT 
data were analysed on evaluable patients at each time 
point, which was an a priori decision and not related to 
treatment received. Analyses of immunological and 
virological data were performed on an in tention-to- treat 
approach (with restrictions as above) by using the one- 
sided Fisher s exact test for proportions and the one-sided 
log-rank test for the time to failure variable (time was set 
up to 0 for non-interrupters). Relationship between 
proliferative responses and virological outcome was 
performed with two-sided Fisher exact test and logistic 
regressions, explaining virological success by treatment 
group alone, proliferative responses alone and both terms 



in the model, with an approach similar to that used in 
validation of surrogate markers. Nominal P values are 
presented and P values for proliferative responses to HIV- 
1 long peptides were adjusted for multiplicity (permuta- 
tion resampling method). The software used for statistical 
analysis was SAS 8.0 (SAS Institute, Cary, North 
Carolina, USA). 



Results 



Safety and tolerability of the therapeutic 
immunization 

A group of 71 patients with asymptomatic HIV-1 infection 
and CD4 T cell counts >350 X 1 0 6 cells/1 and plasma HIV 
RNA <50 copies/ml and who had been previously treated 
with combined antiviral regimens alone or combined with 
subcutaneous IL-2 in a previous study [16] were eligible for 
this study. Patients were randomized to continue either 
their antiviral therapy alone (control group; n = 37) or 
combined with the administration of the two vaccines 
(Vac-IL-2 group; n = 34) at weeks 0, 4, 8 and 12. 
Following vaccinations, patients were administered three 
cycles of subcutaneous IL-2 (4.5 x 10 6 IU, twice daily for 
5 days) at weeks 16, 24 and 32. One patient withdrew 
from the trial prior to receiving study treatment and was 
excluded from the analysis. Baseline characteristics were 
similar in the two groups (Table 1). All patients completed 
the vaccination schedule. All patients of this group 
received IL-2 cycles except two patients, who missed one 
IL-2 cycle. No patient was lost to follow-up at week 52. 
The vaccination strategy was safe and well tolerated. All 
local or systemic adverse events related to the immuniza- 
tion were mild or moderate and of short duration. Local 
or systemic adverse events related to IL-2 cycles were 
similar to those previously reported [16]. There was no 
deleterious effect of the immunization strategy on plasma 
viral load (Table 2). 

Induction of HIV-specific-CD4 T cell 
proliferative responses by immunization 

The CD4 T cell responses were evaluated using 
lymphoproliferative assays at different time points in 
the study. At baseline, the percentage of responders to p24 



Table 1 . Baseline characteristics of patients. 



Control 



Vac-IL-2 



Number 

Median CD4 cell count [x10 6 cells/l (range)] 
Median nadir CD4 cell count (x10 6 cells/l (range)] 
Median CD8 cell count [x10 6 cells/l (range)] 
Median plasma HIV RNA <50 copies/ml [No. (%)] 
Median antiviral therapy duration [weeks (range)] 
Median HIV-1 DNA [log 10 copies/10 6 PBMC (range)] 
No. patients with prior IL-2 treatment 
Median IL-2 cycles with prior entry (range) 
Median last IL-2 cycle [weeks (range)] 



37 

766 (361-2508) 

290 (2-510) 
855 (346-2559) 
35 (95) 
218 (75-642) 
2.68 «1 .85-3.85) 
9 

10(8-11) 
45 (22-74) 



33 

713 (233-2160) 

262 (63-598) 
953 (211-1441) 
32 (97) 
184 (71-592) 
2.71 (<1 .85-3.38) 
5 

10(5-10) 
69 (18-93) 



IL-2, interleukin-2; Vac-IL-2, ALVAC-HIV (vCP1433) and Lipo-6T vaccines plus IL-2 PBMC, peripheral blood mononuclear cells. 
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Table 2. Virological parameters after stopping and before reinitiating antiviral therapy or week 52. 

Control Vac-IL-2 P value 3 



All patients 

HIV RNA <50 copies/ml at week 36 [Nc/total No. (%)] 
Stop HAART at week 40 [No7total No.] 
Virological success at week 52 (No./total No. (%)] b 
Time to virological failure [median days (IQR)l 

Patients who stopped antiviral therapy at week 40 
Time to first detectable viraemia [median days (range)] 
Peak HIV RNA [median log 10 copies/ml (IQR)] 
Time to peak HIV RNA [median days (IQR)] 
Maximum slope of rebound (median log 10 copies/ml per days (IQR)] 
Delay for resuming antiviral therapy (median days (IQR)] 
Time to undetectable HIV RNA (median days (IQR)] 
Median CD4 cell count at week 40 (x10 6 cells/I (IQR)] 
Median nadir CD4 cells during interruption (xlO 6 cells/! (IQR)] 



32/37 (86) 32/33 (97) 0.13 

31/32 32/32 

2/37 (5) 8/33 (24) 0.027 

29 (28-88) 42 (27-55) 0.009 

13(7-21) 14(11-21) 0.16 

5.2 (4.9-5.5) 4.9 (4.5-5.4) 0.082 

34(25-42) 41.5 (28-56) 0.024 

0.27 (0.21-0.32) 0.23 (0.1 8-0.29) 0.067 

54(42-70) 69.5 (42-91) 0.11 

119(87-194} 112 (76-147) 0.14 

851 (581-1048) 961 (714-1356) 0.042 

520 (325-782) 651 (517-857) 0.026 



IQR, interquartile range; Vac-IL-2, ALVAC-HIV (vCP1433) and Lipo-6T vaccines plus interleukin-2. 
a Fisher test, Wilcoxon rank-sum test, log-rank test for the time variables (one-sided tests). 

b Patients were considered as in virological success if they stopped antiviral drugs at week 40 and remained off therapy and with plasma HIV RNA 
values <50 000 copies/ml at week 44 and <10 000 copies/ml at week 48 and thereafter until week 52. 



Gag antigen was 47% (15/32) and 57% (21/37) in the 
Vac-IL-2 and control groups, respectively. At weeks 16 
and 36, the percentage of responders to p24 remained 
comparable in the two groups. However, longitudinal 
analysis showed that a higher proportion of the Vac-IL-2 
patients maintained proliferative responses [15/32 (47%)] 
to p24 at both evaluations at weeks 16 and 36 than in the 
control group [8/33 (24%)] (P= 0.049) (Fig. 1). This 
difference between arms remained significant after 
adjustment on baseline responses (Cochran-Mantell- 
Haenszel test P = 0.039). In order to evaluate the breadth 
of proliferative responses to HIV antigens, lymphopro- 
liferation response assays were performed using 1 1 long 
HIV peptides corresponding to Nef (Nl, N2, N3), Gag 
(Gl, G2, G3), Pol (PI, P2, P3) and two from Env (Fig. 1). 
At baseline, the percentages of responders to at least 1 of 
11 HIV-1 long peptides were 41% (13/32) and 47% (18/ 
37) in the Vac-IL-2 and control groups, respectively. At 
week 16, these percentages were 58% (19/33) and 25% 
(9/36) in the Vac-IL-2 and control groups, respectively 
(P = 0.006) (Fig. 1). At week 16, 68% (13/19) of the Vac- 
IL-2 group acquired new T cell responses against HIV-1 
long peptides compared with 26% (5/19) of controls 
(P = 0.022) (Fig. 2a). The most frequently recognized 
peptides were G2, PI and P2, which induced proliferative 
responses in a higher proportion ofVac-IL-2 patients than 
controls (P= 0.019, 0.001 and 0.019, for the three 
peptides, respectively) (Fig. 2b). 

The effect of immunization on interferon-7- 
producing CD8 T cell responses 

The IFN-7-producing CD8 T cells were evaluated using 
an ELISPOT assay and 18 pools of 15-mer peptides 
overlapping Gag, reverse transcriptase and Nef HIV-1 
sequences. At entry, 50% of patients were responders to at 
least 1/18 pools in each group (16/32 in Vac-IL-2; 17/34 
in controls) (Fig. 3). The number of responders did not 
vary between groups at weeks 16 and 36. However, the 



number of HIV-1 peptides recognized per patient tended 
to increase in the Vac-IL-2 group compared with controls 
at week 36, where 23% (7/31) of the Vac-IL-2 group 
recognized three pools at least compared with 5% (2/37) 
of control patients (P = 0.066) (Fig. 3a). For responders, a 
significant increase of the magnitude of those responses 
was noted in the Vac-IL-2 patients compared with 
controls. At week 36, the median total increases from 
baseline were 365 SFC/10 6 PBMC [95% confidence 
interval (CI), 122-777) for the Vac-IL-2 group and 
138 SFC/10 6 PBMC (95% CI, -125 to 283) for the 
controls (P= 0.046) (Fig. 3b). 
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Fig. 1 . Specific CD4 T cell lymphoproliferative responses to 
p24 Gag antigen and HIV-1 long peptides. The percentages 
and numbers of patients are shown above the columns for 
control (open columns) and Vac-IL-2 (dark columns) groups. 
The left set shows those with stable responses specific to HIV- 

I p24 Gag antigen at both evaluations at weeks 16 and 36. 
The right set shows responders at week 1 6 to at least one of the 

II HIV-1 long peptides derived from Nef, Nef 66-97 (N1), 
Nef 1 17-145 (N2), Nef 182-205 (N3); from Gag, Gag 183- 
214 (G1), Gag 253-284 (G2), Gag 17-35 (G3); from Pol, Pol 
325-353 (PI), Pol 325-342 (P2), Pol 335-355 (P3); and from 
Env, Env 303-335 (Env), Env MN 303-335 (EMN). Vac-IL-2, 
ALVAC-HIV (vCP1433) and Lipo-6T vaccines plus interleu- 
kin-2. 
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Fig. 2. Acquired specific CD4 T cell proliferative responses 
elicited by the vaccination, (a) Percentages and numbers of 
patients who developed new responses at week 1 6 against at 
least one HIV-1 long peptide among 1 1 tested (see sequences 
in Fig. 1). At baseline (week 0 prior immunization), 19 
patients from each group were non-responders to those 
HIV-1 long peptides, (b) Comparison of the percentage of 
new responders at week 16 to each of the 11 long HIV-1 
peptides (see sequences in Fig. 1) in control and Vac-IL-2 
groups. Responses to G2, P1 and P2 peptides were signifi- 
cantly induced by the vaccination compared with controls. 
Vac-IL-2, ALVAC-HIV (vCP1433) and Lipo-6T vaccines plus 
interleukin-2. 

The effect of immunization on HIV rebound after 
cessation of antiviral drugs 

At week 40, 8 weeks after the end of the therapeutic 
immunization, it was proposed that patients who kept 
undetectable plasma viral load stopped their antiviral 
therapy: 97% (32/33) in the Vac-IL-2 group and 86% 
(32/37) in the control group (P = 0.13) were eligible for 
stopping antiviral drugs. Parameters of the kinetics of the 
viral rebound during the period of antiviral treatment 
interruption and after resuming antiviral therapy are 
shown in Table 2. At week 52, the proportion of patients 
in virological success, according to strict criteria defined 
at the beginning of the study (see Table 2), was 
significandy higher in the Vac-IL-2 group [8/33 
(24%)] than in controls [2/37 (5%)] (P= 0.027) (Table 
2). The time for resuming antiviral drugs, in patients 
who were in virological failure, was also significandy 
delayed in the Vac-IL-2 group compared with the control 
group (median of 42 and 29 days, respectively; P = 0.009) 
(Fig. 4). 

Immunological responses to HIV antigens and 
virological control in vaccinated patients 

Univariate and multivariate logistic regression analyses 
were performed for the immunological parameters 



associated with the virological control noted at week 
52. For CD8 T cell responses, the results showed only a 
trend towards an association between the breadth of these 
responses at week 36 (at least three versus less than three 
positive pools) and the time to virological failure was 
noted (P— 0.055), For CD4 cell proliferative responses, 
univariate analyses showed that the odds ratio (OR) of 
virological success was higher in patients who were 
responders to at least one HIV peptide at week 16 than in 
non-responders (OR, 7.8; P = 0.014) and in patients 
with stable responses to HIV p24 antigen than in non- 
stable responders (OR, 4.6; P= 0.046). In the multi- 
variate logistic regression analyses, the OR values 
comparing treatment groups were no longer significant 
when stable p24 antigen and multiepitopic (to at least one 
HIV peptide) responses were included in the model 
(P = 0.16 for both comparisons), demonstrating that the 
effect of the vaccine regimen on the virological success 
was partially correlated with the immunological responses 
elicited. 



Discussion 

The study reported here showed that a therapeutic 
immunization strategy combining ALVAC-HIV and 
Lipo-6T vaccines followed by the administration of IL- 
2 induced sustained and broad CD4 T lymphocyte 
immune responses to HIV antigens in chronically HIV- 
infected patients. Although less dramatically, IFN-7- 
producing CD8 T cell responses to HIV peptides tended 
also to augment in these patients compared with controls. 
However, since the clinical relevance of in vitro 
immunological responses is still unknown, the impact 
of therapeutic immunization on the control of HIV 
replication after stopping antiviral drugs was evaluated. 
Using rigorous prospective criteria for the definition of 
virological control and for resuming antiviral treatment, 
24% (8/33) of the Vac-IL-2 group compared with 5% (2/ 
37) of controls (P = 0.027) remained off antiviral drugs 3 
months after stopping these drugs. Moreover, the vaccine 
strategy significantly improved several parameters of the 
kinetics of HIV RNA rebound occurring during the 
period off antiviral therapy (Table 2). Although the final 
endpoint of this study was planned at week 52, 3 months 
after stopping antiviral drugs, all patients were followed 1 
year beyond the study endpoint. This long-term follow- 
up showed that this effect was sustained since the overall 
median duration of the period off treatment extended to 
35 weeks. This study has provided proof of the concept 
that an immunogenic vaccination strategy may result in a 
decrease of the viral set point following antiviral drug 
withdrawal in chronically HIV-infected patients. 

In this study, we were interested to combine two different 
vaccines in order to improve the immunogenicity of the 
immunization strategy and to extend the breadth of 
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Fig. 3. HIV-1 specific CD8 T cell responses as measured with interferon-v ELISPOT assay, (a) For each subject, the magnitude of 
the response as assessed by the total number of SFC/10 6 PBMC against each HIV peptide pools at each time point: the total of 
positive responses to HIV Gag (1 1 pools of 1 5-mers peptides), reverse transcriptase (four pools) and Nef (three pools), (b) For 
patients responders to at least one HIV pool, evolution of the changes from baseline of the magnitude of the responses at week 1 6 
(after vaccination) and at week 36 (after IL-2 administration). W0, week zero etc.; Vac-IL-2, ALVAC-HIV (vCPI 433) and Lipo-6T 
vaccines plus interleukin-2; SFC, spot-forming cells; PBMC, peripheral blood mononuclear cells. 



vaccine-induced immunity. This was supported by the 
fact that the two vaccines used in this study shared several 
HIV sequences and by recent data showing that 
lipopeptide vaccines contained CD 8 and CD4 T and B 
cell epitopes, inducing antibody, CD 4 T cell and CD8 
responses in seronegative volunteers [18-20]. The 
rationale for the combination of vaccines and IL-2 is 
supported by several clinical and experimental considera- 
tions. Although the clear effect of IL-2 on the restoration 
of immune function is still under discussion [21], several 
studies have shown that intermittent IL-2 therapy may 
help to restore quantitatively and qualitatively T cell 
functions [16,22,23], Recent studies have shown that IL- 
2 therapy may help to increase perforin and granzyme 
expressions in CD8 T cells purified from HIV-infected 
patients [24]. Of note, although HIV-specifxc IFN-7- 
producing T cell responses increased weakly after 
immunization, we found here that the magnitude of 
HIV-specific effector CD 8 responses became significantly 
higher after IL-2 administration in the Vac-IL-2 group 
compared with the controls. Finally, since the beginning 
of our study, several experimental models have shown that 
administration of IL-2 combined with DNA or 
recombinant viral vaccines in macaque models of SIV 
infection lead to augmented T cell-specific immune 



responses [25,26]. This positive effect of IL-2 was 
associated with a better control of viraemia either after 
infectious viral challenge or after antiviral drug with- 
drawal in preventive or therapeutic vaccination [25,26]. 
These results in experimental models, as well as the results 
reported here, reinforced the potential interest of this 
cytokine in the setting of therapeutic immunization. 

Data from this randomized study showed that the 
combination of immunization and IL-2 contributed to 
the containment of virological replication once antiviral 
drugs were stopped. One limitation of our study is that 
the complexity of the therapeutic immunization strategy 
makes it difficult to ascribe the effects of each component 
in the control of viral load in patients after antiviral 
cessation. Instead, this study intended to examine the 
concept that an immune intervention may help to contain 
the viral set point in patients. However, the design of this 
study allowed us to determine the immunogenicity of the 
vaccination before and after the administration of IL-2 
and also the impact of the combination on the viral load 
control. Regarding the interpretation of our results, we 
would like to emphasize the following points. First, as 
shown here for patients from the control group, and in a 
series of published studies, long-term suppression of viral 
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Fig. 4. Kaplan-Meier curves of time to virological failure. At 

week 52, 24% and 5% of patients were in virological success 
in the Vac-IL-2 and control groups, respectively (P- 0.027). 
The time to virological failure was significantly delayed in the 
Vac-IL-2 group compared with the control group (P = 0.009 
in an intent-to-treat analysis; P = 0.034 when considering 
only patients who stopped antiviral therapy). Vac-IL-2, 
ALVAC-HIV (vCP1433) and Lipo-6T vaccines plus interleu- 
kin-2. 



replication by potent antiviral therapy does not confer per 
se to patients the ability to contain virus replication once 
therapy is withdrawn. Second, several randomized phase 
II clinical studies have shown that IL-2 therapy combined 
with antiviral drugs has no impact on plasma viral load 
[16,22,23]. Moreover, despite the fact that some IL-2- 
treated patients were shown to have a low level of HIV 
burden in their CD4 T cell pools [27], the kinetics of 
HIV-1 rebound in these patients did not appear different 
from those who were treated with antiviral drugs alone 
[28]. Third, precise analysis of the immunological 
parameters elicited by the immunization showed that 
HIV-specific CD4 T cell responses elicited at week 16, 
before the administration of IL-2, were associated with 
the host control of virus rebound. This last result provides 
interesting indications of the immune correlates needed 
to be achieved for successful therapeutic immunization in 
chronically infected patients. Finally, further studies 
aimed to dissect the respective role of IL-2 and 
immunization in the control of virus replication are 
needed and would help to define more feasible and less- 
restricting schedules of vaccination. 

The long-term clinical benefit of therapeutic immuniza- 
tion in HIV infection is still not demonstrated. Previous 
randomized phase I/II or III [29] studies failed to 
demonstrate any impact of the immunization strategy on 
the natural history of the disease. However, the majority 
of these studies had drawbacks, such as limited number of 
patients, no control group, or had been conducted in the 
setting of non-optimal antiviral therapy. Although there is 
as yet no consensus upon criteria for the clinical efficacy 
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of therapeutic immunization, the capacity to stimulate 
HIV-specific immune responses and to control HIV 
replication after treatment interruption in chronically 
infected patients might be promising. This study provides 
proof of the concept that therapeutic immunization 
before antiviral cessation may contribute to the contain- 
ment of HIV replication. We believe that these findings 
would help in the development of therapeutic immu- 
nization strategies in the treatment of HIV disease, and 
also in other chronic viral diseases. 

Sponsorship: This work was supported by a grant of 
ANRS. Michel Klein and Aventis Pasteur provided 
ALVAC-HIV (vCP1433) recombinant and LipoST 
vaccines and a grant; Chiron Europe provided inter- 
leukin-2, and a grant. 
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ZORBAX StableBond 80A Columns 

• Longest column lifetime and best reproducibility for low pH separations - down to pH 1 

• Patented stable column chemistry allows use at high temperature and low pH without degradation 

• Five different bonded phases provide broad selectivity - SB-C18, SB-C8, SB-CN, SB-Phenyl, SB-C3 

• High purity silica for superior peak shape 

• Excellent first choice for method development 



Click here for ZORBAX 300SB Columns 

StableBond columns are made using bulky, patented, unique silanes that sterically protect the siloxane bond. Acid labile 
endcapping reagents are not used. The result is vastly improved column life and extraordinary chemical and temperature 
stability in the pH 1-6 range for a wide variety of phases (SB-C3, SB-CN, SB-Phenyl, SB-C8, and SB-C18). Excellent peak 
shape is expected for many basic compounds because of the ultra-pure Rx-SIL support. 



ZORBAX StableBond Column Specifications 



Bonded Phase 


Pore Size 


Surface Area 


Temp. Limits* 


pH Range* 


End 
capped 


Carbon 


SB-C18 


80A 


180 m 2 /g 


90°C 


1.0-8.0 


No 


10% 


SB-C8 


80A 


180 m 2 /g 


80°C 


1.0-8.0 


No 


5.5% 


SB-C3 


80A 


180 m 2 /g 


80°C 


1.0-8.0 


No 


4.0% 


SB-CN 


80A 


180 m7g 


80°C 


1 .0-8.0 


No 


4.0% 


SB-Phenyl 


80A 


180 m7g 


80°C 


1 .0-8.0 


No 


5.5% 



StableBond columns are designed for optimal use at low pH. At pH 6-8, highest column stability for all silica based 
columns is obtained by operating at temperatures <40°C using low buffer concentrations in the range of 0.01-0.02M. At 
mid-range pH, Eclipse XDB and Bonus-RP are recommended. 
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ZORBAX 

ORDER 



Zorbax®Equivalent Columns from Capital HPLC exhibits identical selectivity, 
efficiency and peak symmetry to original Zorbax HPLC columns. Superior packing 
technology combined with highly efficient Zorbax material and bonding technology 
resulted in very reproducible columns all the time. 

Capital HPLC offers a full range of columns including Zorbax Equivalent C18-RX, 
C18-SB and C8-RX/SB. 

Any combination of material particle size and column internal diameter is available, 
for more information contact us 



Specification 


Particle shape 


Spherical 


Surface area 




Particle 
diameters 


3 t 5um 


Pore Diameter 


70A± 10%o 


Pore size 
distribution 


85%mean ± 1 0 30A 



Ordering Information 

Prices listed below refer to 4.6mm i.d. and 3.2mm i.d. columns of various 
lengths 

ZORBAX® Equivalent Columns 

Prices are for 5 micron. 

For 3 and 10 micron and column dimensions not listed, contact us 
Available in narrow bore format. 



Phase 
Silica 



2cm 
Guard 

5LA102 



5cm 

5LA105 



10cm 



5LA110 



12.5cm 



5LA112 



15cm 

5LA115 



20cm 

5LA120 



25cm 

5LA125 



C1 



5LB102 



5LB105 



5L8110 



5LB112 



5LB115 



5LB120 



5LB125 



C8 



5LF102 



5LF105 



5LF110 



5LF112 



5LF115 



5LF120 



5LF125 



ODS 



5LG102 



5LG105 



5LG110 



5LG112 



5LG115 



5LG120 



5LG125 



CN 



5LL102 



5LL105 



5LL110 



5LL112 



5LL115 



5LL120 



5LL125 



NH2 



5LM102 



5LM105 



5LM110 



5LM112 



5LM115 



5LM120 



5LM125 



Phenyl 



5LK102 



5LK105 



5LK110 



5LK112 



5LK115 



5LK120 



5LK125 



SAX 



5LN102 



5LN105 



5LN110 



5LN112 



5LN115 



5LN120 



5LN125 



C8-RX/S B 
C18-R X 
Price 
US$ 



5LZ102 
5LY102 

$63 



5LZ105 
5LY105 

$315 



5LZ110 
5LY110 

$355 



5LZ112 
5LY112 

$377 



5LZ115 
5LY115 

$408 



5LZ120 
5LY120 

$439 



5LZ125 
5LY125 

$462 



All columns manufactured under ISO9001:2000 specifications and supplied with 
unique chromatographic test certificate. 
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Order online or call Tel: +44 (0)1506 858505 or Fax: +44 (0)1506 
858506 

ggles@ca pitalhplc.com 

Questions or enquires regarding the contents of these pages 
or any capital HPLC product email: info@capitalhplc.com. 



Zorbax is a registered trademarks of the Du Pont company 
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The VYDAC Advantage 

For over two decades VYDAC® 
wide-pore synthetic-silica-based 
reversed-phase adsorbents and 
columns have been the standard for peptide 
and protein separations. Most reversed-phase 
protein and peptide separations have been 
performed on VYDAC columns, as evidenced 
by the number of US patents that cite the 
use of VYDAC columns for protein and 
peptide separations - 2896 issued to date.* 
The number of patent citations continues 
to increase, with 269 added in 2002 and 
904 since the turn of the millennium. And 
patent citations represent only a small 
fraction of the work in which VYDAC 
protein and peptide columns have been 
used successfully. 

Recent trends in protein and peptide 
chromatography have been toward rapid 
separations and the use of nano/capillary 
reversed-phase columns with multistage 
MS analyses for discovery of expressed 
products in proteomics. Grace Vydac has 
facilitated both of these trends with the 
introduction of SHORTFAST™ columns 
and a full range of VYDAC nano/capil- 
lary HPLC columns from 75 um to 500 
urn ID during the past year. 

The last two issues of Grace Vydac 
Advances have emphasized proteomics 
and LC/MS applications of VYDAC columns. 
In this issue we present articles illustrating 
a variety of peptide and protein analytical 
and preparative applications of importance 
in biochemical science. 

•www.usplo.gov, January 22, 2003 
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Reversed-Phase Separation of Stereomeric Peptides on VYDAC^ 218TP104 Column 
0.7 n 



0.5- 



*0.4H 

o 
u 
c 

8 0.3H 

< 



0.2- 



0.1 - 



i 



T 

5 




— » 



Time (mm) 

Figure 1. HPLC separation of a mixture of H-Gly-L-Ser-Phe-Nfy (V and H~Gly-D-Ser-Phe-NH 2 (2). 
Column: VYDAC 218TP104 (C18, 10 ym, 300 A, 4.6 mm ID x 250 mm). Mobile phase: A =0.1% 
TFA/water. B = 0.1% TFA/acetonitrile. Gradient: linear from 5% to 15% B over 15 min. 
Flow: 1 mL/min. Detection: UV t 210 nm. 

HPLC Analysis of Stereomeric Peptides 
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n a recent poster, "Racemization 
Studies on Novel Cl-HOBt-based 
Coupling Reagents " presented at the 
27th European Peptide Symposium in 
Sorrento, Italy, August 31 to September 6, 
2002, Armida Di Fenza and Paolo Rovero 
of the University of Salerno reported using 
a VYDAC C 1 8 reversed-phase column in 
their analyses. The ability of the VYDAC 
column to separate the stereomeric peptides 
H-Gly-L-Ser-Phe-NH 2 and H-Gly-D-Ser- 
Phe-NH 2 (Fig. 1) was key to its use in 
assessing the ability of novel coupling 
reagents to produce synthetic peptide 
bonds with minimal racemization of the 
resulting product. 



Data courtesy of: 

Armida Di Fenza and Paolo Rovero 
Dept. of Pharmaceutical Sciences 
University of Salerno 
Via Ponte don Melillo 1 1 C 
1-84084 Fisciano, Salerno, Italy 

Tel: [+39] 089 962809 
Fax: [+39)089 962828 



Grace Vydac is a business unit of W. R. Grace & Co.-Conn. 
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VYDAC C4 Columns Aid in Chemical Synthesis 
of Model Profein 




lso at the 27th European Peptide 
Symposium in Sorrento, Italy, 
.August 3 1 to September 6, 2002, 
Neeraj Chopra, Duhee Bang, and Stephen 
B.H. Kent of the University of Chicago 
reported the complete chemical synthesis 
and folding of Crambin, a very hydrophobic 
47 1 6-dalton protein containing 46 amino 
acid residues with six Cys residues in 
three disulfide bonds. Crambin, which 
occurs naturally in seeds of the plant 
Cram be abyss inica, is of interest as a 
model for ultra-high-resolution (0.54 A) 
X-ray crystallography, for developing 
advanced NMR methods for determining 
protein structure, and for evaluating theo- 
retical approaches to calculation of protein 
folding. Producing Crambin in quantity 
using recombinant techniques is problem- 
atic because of its very hydrophobic nature. 

Initially two component peptides - 
corresponding to Crambin amino acid 
residues 1-31 and 32-46 respectively - 
were produced by solid phase peptide 
synthesis. The peptide corresponding to 
residues 1 -3 1 was synthesized as a thioester. 
Each of these peptides was purified by 
reversed-phase HPLC on a VYDAC C4 
10 mm ID x 250 mm semi-prepreparative 
column (Cat.No. 214TP510) using condi- 
tions of 4 mL/min flow rate and 1%/min 
linear gradient of solvent B (0.08% TFA 
in ACN) in solvent A (0. 1% TFA in water). 
Peptide purifications were verified (Figs. 
2 and 3) by HPLC analysis on a VYDAC 
C4 4.6 mm ID x 250 mm analytical column 
(Cat.No. 214TP54) and electrospray MS 
analysis to confirm molecular weight. 
Conditions for analytical chromatography 
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Figure 2. Reversed-phase and ESMS analysis 
of crude and purified peptide (32-36) on 

VYDAC 214TP54 C4 column. 



TTCCPSlVARSNFNVCRLPGTSEAICAmG-COSR 



1«H 



75H 



I 

2 



25- 



i-4 



860 



1147 



ESMS 



Hyp* Man - 3437±l.iDc 



900 



1000 



m/X 



— r— Jl r- 

1100 1200 



(1-31) 



mAU 
1000- 
800- 
600- 
400- 
200- 
0- 



RP-HPLC 
Purified 



10 



15 



mAU 
1000- 

800- 

600- 

400- 

200- 

0- 



20 25 
Tim* (min) 



30 



35 



40 



RP-HPLC 
Crude 



I, I. ! 



10 



15 



-r 



-r 



20 25 
Tim* [min) 



30 



35 



Figure 3. Reversed-phase and ESMS analysis 
of crude and purified peptide (1-3V thioester 
on VYDAC 214TP54 C4 column. 
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Figure 4. Reversed-phase and ESMS analysis 
of ligated synthetic Crambin (before folding) 
on VYDAC 214TP54 C4 column. 



were 1 mL/min flow rate and a 2%/min 
linear gradient of the same mobile phase 
components as for purification. 

The two purified synthetic peptides were 
joined by thioester-mediated chemical 
ligation in solution to form the complete 
polypeptide chain of Crambin, which was 
also purified by HPLC on the VYDAC C4 
semipreparative column (Fig. 4). 

The polypeptide was then folded and 
disulfide bonds formed at pH 8 in aqueous 
buffer containing 2 M guanidine HCI, 8 mM 
cysteine and 1 mM cystine. The folded 
protein was again purified on the VYDAC 
C4 semi-preparative column and analyzed 
by HPLC and MS (Fig. 5). Note the increase 
in reversed-phase retention time with folding 
from 21.61 minutes to 22.38 minutes. 



W. R. Grace, Silica Products, and Chromatography 



n March 2001, The Separations Group, 
Inc., manufacturer of VYDAC HPLC 
columns and adsorbents, was acquired 
by W R. Grace & Co.-Conn. and combined 
into the company's Silica Products business. 
Shortly thereafter, the Grace Vydac business 
unit was formed, combining Silica Products 1 
existing chromatographic gel business with 
The Separations Group's column expertise. 

W. R. Grace enjoyed a long and varied 
history leading up to its current status as a 
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Figure 5. Reversed-phase and ESMS analysis 
of folded synthetic Crambin on VYDAC 
214TP54 C4 column. 

Data courtesy of: 

Neeraj Chopra, Duhee Bang, and 

Stephen B.H. Kent 
Dept. of Biochemistry and Molecular 

Biology 
University of Chicago 
Chicago, IL 60637 USA 

Email: nchopra@delphi.bsd.uchicago.edu 



global supplier of specialty chemicals. The 
company began business in 1854 in Peru as 
an international shipping supply operation. 
It relocated to New York City in 1865. 
During the next century, the company grew 
into a diversified shipping, trading, and 
financial services company. Some highlights 
of that time include operating steamships 
between the Americas and Europe, estab- 
lishing Grace National Bank, the forerunner 
of Marine Midland Bank, sending the first 
steamship through the Panama Canal in 
1914, and initiating air travel to and from 
Latin America in 1928 as part of a joint ven- 
ture with Pan American Airways. Company 
founder William Russell Grace was elected 
mayor of New York for noncontiguous terms 
in 1880 and 1884 and in that capacity was 
privileged to accept the Statue of Liberty 
as a gift from the people of France. 

Davison Chemical, forerunner of today's 
Silica Products business, was originally 
founded as Davison, Kettlewell & Co. in 
1832, in Baltimore, Maryland. Silica gel 
was patented in 1919 and originally used for 
adsorption of vapors and gases in gas-mask 
canisters during World War I. In the early 
1920's Davison began selling silica gel and 
developed new applications such as air dry- 
ing, refrigeration, and packaging desiccants. 
However, silica gel did not receive wide 
acclaim until World War II, when Davison 
developed the silica technology to meet 
three compelling wartime needs: first, as a 
dehydrating agent to protect military equip- 
ment from moisture damage; second, as a 
fluid cracking catalyst for producing high 
octane gasoline; and third, as a catalyst 
support, integral in the manufacture of 
synthetic rubber. 

Davison was acquired by W. R. Grace 
in 1954. During the next 40 years, Grace 
acquired a variety of businesses before 



identifying and focusing on its core busi- 
nesses of silica, catalysts, and construction 
materials. The Silica Products group has 
continued to expand its applications for 
silica and has become recognized for superi- 
or technical service, strong applications 
technology, and global customer support. 
With recent acquisitions, Silica Products 
now offers silica gels, colloidal and precip- 
itated silicas, separations media and columns 
for chromatography, and molecular-sieve 
adsorbents that enhance manufacturing 
processes and end-products in a wide range 
of biotechnology, pharmaceutical, digital 
media, industrial, and consumer applications. 
The company has a strong global presence 
with research, technical service, manufac- 
turing and sales offices strategically located 
around the world. Since the acquisition near- 
ly two years ago, the company has been able 
to offer Grace Vydac customers: 

B Improvements in manufacturing controls 
and documentation to assure reliably 
consistent and reproducible products. 

U Improved availability of finished products 
for prompt delivery. 

K Improved responsiveness to customer 
needs, exemplified by the new lines of 
VYDAC nano-capillary columns for 
LC/MS and SHORTFAST columns for 
rapid preparative separations. 

B An enhanced website with comprehensive 
product descriptions and specifications 
including an extensive bibliography. 

M Worldwide customer service from Grace's 
experienced international sales and 
support staff. 

There's more to come in 2003: New products 
resulting from the union of Grace's expertise 
in silica science with The Separation Group's 
chromatography experience - providing 
innovative solutions for our customers' 
most demanding separations needs. 
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Chromatographic Analysis of Insulin on 
VYDAC Small-Pore C8 Reversed- Phase Column 



nalysis of recombinant insulin 
by reversed-phase HPLC was 
compared on three small-pore 
reversed-phase columns under identical 
conditions using a gradient of ACN in pH 
4.25 ammonium acetate buffer for elution 
(Fig. 6). A VYDAC C8 column (208SP) 
provided excellent retention with shorter 
analysis times than the comparable VYDAC 
C18 column (201SP). A Kromasil C8 



column operated under the same conditions 
provided retention for insulin comparable 
to the VYDAC C8, but produced slightly 
broader peaks leading to lower sensitivity 
(reduced peak height) and possibly lower 
resolution. 

A 5x expansion of the absorbance scale 
for the C8 chromatograms (Fig. 7) reveals 
several small contaminating peaks. The 
VYDAC column is slightly more selective, 



and also demonstrates better resolution, 
particularly for contaminating peaks eluting 
immediately after the major insulin peak. 

The VYDAC 208SP column had 
excellent stability under high-loading 
conditions. Even after 200 injections of 
insulin on the VYDAC C8 column (750 ug 
per injection), separations were very 
reproducible, with no observed loss of 
resolution nor any increase in backpres- 
sure (Fig. 8). Note that for this test the 
organic component of the mobile phase 
was H-propanol, an excellent solvent for 
large scale purifications. 
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Figure 8. Stability of insulin retention on 
VYDAC C8 column. Column: VYDAC 208SP104 
(10 pm, 90 A, 4.6 mm ID x 250 mm). 
Temperature: 25 °C Flow rate: 1 mUmin. 
Mobile phase: A = 50 mM NH4OAC, pH 4.2. 
B = 40:60 solvent A:n~propanol. Gradient: 
35 to 42% B in 10 minutes. Maximum back- 
pressure: 957 psi for injection #7 and #200. 
Sample: 50 pi containing 750 pg protein. 
Detection: uv t 276 nm. 



Insulin Analysis on Various Small-Pore Reversed-Phase Columns 
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Figure 6. Analytical separation of pharmaceutical grade insulin by reversed phase HPLC. 
Columns: VYDAC 208SP104 C8, VYDAC 201SP104 C18 (both 10 pm, 90 A, 4.6 mm ID x 250 mm) 
and Kromasil C8 (10 pm, 100 A, 4.6 mm ID x 250 mm). Identical conditions. Temperature: 29 °C 
Flow rate: 0.8 mUmin. Mobile phase: A = 0.25 M NH4OAC, pH 4.25. B = 40:60 solvent A:ACN. 
Gradient: 0to33%B in 10 minutes, then 33 to 53% B in 140 minutes, injection: 50 pL containing 
750 pg. Detection: uv, 276 nm. 
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Figure 7. C8 chromatograms of Figure 8 with absorbance scale expanded 5 fold. 




VYDAC® Polymer- Based Column Improves 
Recovery of Hydrophobic Synthetic Peptide 




fforts to produce by chemical 
synthesis desired quantities of 
the transmembrane segment of 
phospholamban (PLB), a membrane 
protein involved in regulation of calcium 
gradients across sarcoplasmic reticular 
membranes in cardiac muscle cells, have 
encountered difficulties in purification of 
the highly hydrophobic peptide. The PLB 
transmembrane peptide has the sequence: 
ARQNLQNLFINFCLILICLLLICIIVMLL. 
Its molecular mass is 3375.3. The amino 
acid composition is shown in Figure 9. 
The hydrophobic amino acids He and Leu 
comprise 20.7 and 31.0% of the residues, 
respectively. 
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Figure 9. Amino acid composition of PLB 
synthetic peptide. 

Poor recoveries of PLB synthetic peptide 
have been reported previously on silica- 
based reverse-phase columns. For example, 
the yield was 9% (based on starting resin) 
for a Phenomenex C4 column (Mayer et 
al., 1996). A yield of 12% (based on starting 
resin) was obtained from a VYDAC C 1 8 
(218TP54) column (Karim et al., 2000). 

Recently, a research study at Miami 
University compared the purification of 
synthetic PLB transmembrane peptide on 
a VYDAC C4 silica-based reversed-phase 
with purification under identical conditions 



on a VYDAC 259VHP polystyrene- 
divinylbenzene polymer-based reversed- 
phase column (Fig. 10). Columns were 
equilibrated with 95% water, 2% acetonitrile 
and 3% 2-propanol. Peptide elution was 
achieved with a linear gradient to a final 
solvent composition of 5% water, 38% 
acetonitrile and 57% 2-propanol. The 
HPLC gradient that gave the best results 
for both columns was 5% - 95% B in 77 
minutes. 

The yield of pure peptide was 16% using 
the silica-based C4 column (based on 540 mg 
of peptide-resin). From the VYDAC polymer 
reversed-phase (259VHP5415) column 
the yield was 37% - more than twice the 
recovery from the any of the silica-based 
columns. MALDI-TOF mass spectrometry 
of the product purified by the 259VHP 
column confirmed its identification as the 
target peptide (Fig. 11). Recent larger scale 
purifications of this synthetic peptide on a 
VYDAC 259VHP82215 (8 ujn, 300 A, 
22 mm ID x 150 mm) polymer-based 

PLB Peptide Purification 
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Figure 10. HPLC separation of PLB synthetic 
peptide under identical conditions on a 

VYDAC 214TP104 (10 pm, 300 A 4.6 mm ID 

x 250 mm) C4 reversed-phase column and a 

VYDAC 259VHP5415 (5 pm, 300 A 4.6 mm ID 

x 150 mm) polymer reversed-phase column. 
(Conditions in text) 



preparative reversed-phase column have 
produced yields as high as 53%. 

Advantages of VYDAC 259VHP 
polymer-based reversed-phase columns for 
purification of peptides with a high tendency 
to aggregate have been previously reported. 
(Refs. 3 and 4). They should always be 
considered as an alternative to silica-based 
reversed-phase columns wherever purification 
of difficult peptides is required. 
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Figure 11. MALDI-TOF mass spectrum 
of PLB synthetic peptide purified from 
the VYDAC 259VHP column. The peaks at 
m/z 3375 and at m/z 3398 represent the PLB 
peptide and its sodium adduct, respectively. 



Data courtesy of: 

Elvis Tiburu and Gary A. Lorigan 
Dept. of Chemistry and Biochemistry 
Miami University 
Oxford, Ohio 45056 
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VYDAC Columns in This Issue 



The VYDAC columns at right appear 
in applications described in this issue of 
Grace Vydac Advances. A listing of all 
available VYDAC HPLC columns can be 
found in the online store on the Grace 
Vydac website at www.gracevydac.com. 
Our online store has been updated for 
interactive searching by Catalog Number 
as well as a variety of other column char- 
acteristics. Each product listing includes 
complete description as well as links to 
application notes. 

Orders for VYDAC products can be 
entered online, or by contacting your 
local VYDAC distributor or Grace Vydac 
World Headquarters: 



Catalog No. 

201SP104 

208SPI04 

2I4TP54 

2I4TP510 

214TP104 

218TP54 

218TPI04 

259VHP5415 



Description 

Column, CI 8 Reversed Phase, 10 jjm, 90 A, 4.6 mm ID x 250 mm 
Column, C8 Reversed Phase, 10 um, 90 A, 4.6 mm ID x 250 mm 
Column, C4 Reversed Phase, 5 um, 300 A, 4.6 mm ID x 250 mm 
Column, C4 Reversed Phase, 5 um, 300 A, 1 0 mm ID x 250 mm 
Column, C4 Reversed Phase, 10 um, 300 A, 4.6 mm ID x 250 mm 
Column, CI 8 Reversed Phase, 5 um, 300 A, 4.6 mm ID x 250 mm 
Column, CI 8 Reversed Phase, 10 um, 300 A, 4.6 mm ID x 250 mm 
Column, Polymer Reversed Phase, 5 um, 300 A, 4.6 mm ID x 1 50 mm 
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